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L X X I X .  Proceedings of Learned Societies. 
GEOLOGICAL SOCIETY. 

[Continued from p. 548.] 
April 29th, 1903.--;[. J. H. Teall, Esq., M.A., F.R.S., 

Vice-President, in the Chair. 

T HE following communications were read : - -  
1. ' The Age of the principal Lake-Basins bet, ween the Jura and 

the Alps.' By Charles S. Du Riche Preller, ~J.A., Ph.D., A.~I.I.C.E., 
~[.I.E.E., F.E.S.E., F.G.S. 

1. In  a paper read before the Society last session, the author 
showed, on the evide~lee of extensive high-level deposits of Decken- 
sehotter in Subalpine France and Switzerland, that the principal 
Swiss lake-basins could not have existed .at the time when those 
deposits were formed, during and after the first or Plioeene glaciation 
of the Alps. In  the present paper he deals with the question reserved 
in the preceding one, that is, to which subsequent period the forma- 
tion of those lake-basins should be assigned. By the light of further 
recent investigations in the different localities, he first considers 

t h e  conditions of the Zurich lake-valley, where the successive 
glacial and fluviatile deposits are clearly defined, and then applies 
his conclusions to the other principal lake-basins lying in the same 
zone along the edge of the A!ps. 

2. The hitherto generally accepted view that the lake-basins are 
pre-Glacial in the old sense, or were formed during the first inter- 
Glacial period, rests, in the main, on two argumentu : (1) that the 
alluvia at the lower ends of the lakes are all Glacial, not only front 
their appearance, but because the materials composing them could 
only have been transported thence by glaciers, which either passed 
over the lakes by bridging them, or through them by completely 
filling them with ice ; and (2) that the zonal bending of the Molasse 
along the edge of the Alps, to which the lake-basins owe their 
existence, occurred before the second or maximum glaciation, 
because at a point in the Lorze ravine (near the Lake of Lug) the 
.Deckenschotter conglomerate dips reversely, that is, up the valley, 
while the overlying, younger, loose gravel dips in the opposite 
direction. 

3. The author adduces evidence to show th,~[ the deep-level 
gravel-beds in the Limmat Valley near and below Zurich are essen- 
tially fiuviatile, composed of the characteristic Alpine material 
of the Rhine and Linth drainage-areas, and in all other respects 
similar to the gravel carried by the River Sihl at the present day. 
These gravel-beds rest upon Glacial clay of the second glaciation, 
which fills the Molasse-bed of the valley to a great depth, and are 
overlain by the moraine-bars and secondary products of the third 
glaciation, the latter being overlain by, and mixed with, Lhe 
post-Glacial alluvia of the Sihl. 

4. He further argues that it is, on mechanical grounds, diMcult 
to conceive hQw glaciers could either bridge, or completely fill with 
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630 Geological  Sor ie ty  : - -  

ice, such extensive basins as those of the principal Alpine lakes, from 
2 to 8 miles in width and from 470 to 1020 feet in depth, the 
quantity of water to be displaced and expelled in the individual 
eases ranging from 3500 million to 90,000 million cubic metres or 
tons. 

5. As regards the more recently-enunciated argument of the 
Deckenschotter a~ld overlying gravel-exposure in the Lorze Valley, 
the author points out that, apart  from the dilficulty of differ- 
entiating the second and third glaciation-materials in that !ocalitv, 
it  is obviously hazardous to deduce from a purely-local phenomenon 
of this kind, and more especially from any dip of loose gravel - - in  
contrast with rock or compact conglomerate,--the date of the zonal 
beading affecting six valley-systems, and extending over more than 
200 miles along the edge of the Alps. 

6. The author's investigations point to the conclusion that the 
deep-level Limmat gravel-beds, overlain by the moraine-bars of 
the third glaciation, were deposited by a river during the second 
inter-Glacial period; that the lowering of the valley-floor was 
initiated in the course of the third glaciation, probably when the 
glacier had already reached its maximum extension, abouv 10 miles 
below Zurich ; that the zonal subsidence continued throughout the 
retreat of the ice ; and that the simultaneous formation of the lake- 
basin should therefore be assigned to the end of the Glacial Period, 
after which the original basin was, notably at its upper end, 
restricted to its present dimensions by post-Glacial alluvia. 

7. In  conclusion, the author shows that the same arguments 
apply, in the main, also to the origin and age of the other principal 
zonal lake-basins, which he illustrates by longitudinal sections, in  
his view, the position and depth of these basins, as well as the 
intervenb,g ground, point to the probability that the bending took 
place not only along one line, but along several, more or less 
parallel, not always continuous lines within the zone between the Alps 
and the Jura ; that  the bending was by no means of uniform depth ; 
and that, therefore, the Alps did not subside as a rigid mass, but 
that the zonal bending along their edge merely extended locally for 
some distance from the deepest points of the lake-basins along the 
floors of the principal Alpine river-valle~-s. 

2 . '  On a Shelly Boulder-Clay in the so-called Palagonite- 
:Formation of iceland.'  By Helgi Pjetursson, Cand. Sci. Nat. 

There is no equivalent in the Tert iary basalt-plateaux of Britain 
of the great palagonite-formatiou of Iceland, which Prof. Thoroddsen 
has shown to be younger than the basalt-formation of the lat ter  
island. The basement-layer of the breccia-formation, resting 
directly upon the basalts, contains glaciated blocks of all sizes, up to 
6 feet and more in diameter. These ground-moraines are followed 
by tufaceous sandstones, conglomerate, columnar basalts, other 
ground-moraines and volcanic tufts and breccias~ At BfirlandshSfdi 
a shelly Boulder-Clay, 70 to 80 feet thick, rests upon the fundamental 
basalt, which here shows a glaciated surface. Unbroken shells are 
very rare. Astarte  borealis is the most common shell, and S(~xi~ava 
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On a Section at Cowley. 631 

arctlca and ]Iya truncata are less common, indicating lhat  some of 
the older moraines are of Pleistocene age. The author concludes 
that volcanic activity did not pause in Iceland during the Glacial 
Period, but that  it  was especially active at the beginning and the 
close of glaciation, building up bulky hills of slags and ashes, some 
of which have survived the Glacial Period as volcanoes, while others 
have become extinct. Volcanic activity had died out in Britain at 
this time, and hence the p'alagonite tbrmation is unrepresented 
in that  country. 

~[ay 13th . - -Edwin  Tulley Newton, Esq., F.R.S., 
Vice-President, in the Chair. 

The following communications were read : - -  
I .  ' On some Disturbances in the Chalk near Royston ( t [er t -  

fordshire).' By Horace Bolingbroke Woodward, Esq., F.R.S., F.G.S. 
A ' line of flexure ' is marked on the Geological-Survey map from 

Therfield, south-west of Royston, in Hertfordshire, to near Hoyden 
in Cambridgeshire, a curved line a lit t le below the crest of the 
Upper Chalk-escarpment. The author in 1902 found evidence 
which satisfied him that  the disturbances, previously supposed to be 
an anticline, were due to Glacial action, a view confirmed during 
the present year. Four sections are described: Great Chishall, 
Pinner's Cross, the :Limekiln south-west of ~Tewsell's Park and north 
of Barkway, and north of Reed. The disturbed Chalk near Royston, 
with its fractured and displaced flints, occurs in conjunction with 
Boulder-Clay, and the lat ter  is found beneath a considerable thick- 
ness of disturbed Chalk. This is compared with simih~r phenomena 
near Trimingham, and at Litcham in Western Nortblk. While 
Boulder Clay occurs along the high ground bounding the disturbed 
area to tim south, the vale and undulating downs immediately to 
the north are devoid of this Glacial Drift. The facts were to be 
explained, on the land-ice theory, if the ice were at first welded to 
the rubbly surface-strata in regions north of the ese:~rpmcnt, and, 
when movement set in, there were overthrusts of ddbris-ladeu ice, 
and upper layers of ice were rent asunder from and moved over 
lower ones; while to the thrust or long-continued pressure of ice 
along shear-planes at the higher levels may be attributed the belt 
of disturbed strata. Certain patches of esker-lil~e gravel iH Ward-  
ington Bottom might be explained by streams duo to the melting 
of the ice banked up against the scarp ; and we might go some way 
with Sedgwick in believing that  the outlines of the combcs ~ do not 
appear to have been produced by a long-continued and slow process 
of erosion ; but rather to have been cleanly swept out by rapidly- 
descending water-floods.' 

2. ' On a Section at Cowley, near Cheltenham, and its Bearing 
upon the Interpretation of the Bajocian Denudation.'  By Linsdall 
Richardson, Esq., F.G.S. 

According to Mr. Bnckman's map, published in 1901, the Ui,p(.r 
Trigoni,t-Grit should have been seen at this spot to rest directly, 
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632 Geological Society:- 
and non-sequentially, upon the Upper Freestone, whereas obser- 
vation shows the intervention of at least the •ucIcmani-Grit, part 
of which thins out from 4 inches at the north-eastern end, to 
nothing at the other end of the quarry, which is in the direction of 
the anticlinal axes. The error is not one of fact but of inference, 
and the present evidence rectifies portions of those limits which 
were drawn theorelically. A section near the 'Ai r - :Bal loon '  Inn,  
on the road from Birdlip to Cheltenham, shows the Lower Trigonia- 
Grit covered by ~Buckmani-Grit and u~derlain by the Upper Free-  
stone. There is only one section where tlle Upper Trigonia-Grit is 
seen to rest directly upon the Lower Trigoaia-Grit, the lat ter  being 
only 3 feet 2 inches thick. The causes producing the Bajocian 
denudation appear to have been forces so acting as to effect a repe- 
tition of flexure along old lines of weakness (Aalcnian) ; and thus in 
the l~irdlip area an anticline may be again located, but the elevation 
~vas this time much greater : indeed, the level of the Aalenian denu- 
dation was passed by the :Bajocian. Other sections near Brimpsfield 
and in Cranham Wood are given in connection with the location of 
the anticli:~al axis. The exact localion of the anticlines and 
syn(.lines of the Inferior-Oolite rocks in the Cotteswolds, where 
sections are numerous, may afford some important working hypo- 
thesis for unravelling the structure of the Yale of Gloucester, where 
excavations are tow. 

3. 'Description of a Species of Heterastrcea from the Lower 
Rhmtic of Gloucestershire.' By Robert :F. Tomes, Esq., F.G.S. 

~Iay 27 th . - -Edwin  Tulley l~ewton, Esq., F.R.S., 
Vice-President, in the Chair. 

The following communioations were read : - -  
:1. ' An :Experiment in ~Iountain-Building.' By the Right Iton. 

the Lord Avebury, P.C., !~.R.S., F.G.S. 
Yarious observers have endeavoured to throw light on the origin 

of mountains by compressing pieces of cloth, etc. In  these cases, 
however, the pressure was only in one direction. The author 
wished to obtain a method of obtaining compression in two 
direclions at right angles to one another ; and, accordingly, ho bad 
an apparatus constructed, consisting of four beams of wood, which 
could be approximated by means of screws, in  the space, 2 feet 
across and 9 inches in depth, were placed pieces of carpet-baize 
and layers of sand, each about I~ inches deep. The beams were 
then caused to approach one another until the sand rose in the 
centre into contact with the glass cover, against which i t  was 
flattened out. Casts were made of the surfaces of the different 
baize-layers, and i t  was found that  in the lower layers the ridges 
were narrower, shorter, more precipitous, and more broken up, 
than in the higher layers. A second series of casts was exhibited, 
with the sand and baize having been arranged as before, but  with 
the weight placed on one side. The ridges followed the edges, 
though not closely, leaving a central hollow. There was a difference 
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.Devhrification in Glassy Igneous Rocks. 633 

between the higher and lower layers, similar to that  seen in the first 
experiment. 

2. ' The Toarcian of Bredon Hill  (Worcestershire), and a Com- 
parison with Deposits elsewhere.' By S. S. Buckman, Esq., F.G.S. 

The Upper I,ias (G 3) of Bredon Hil l  is shown on the Geological- 
Survey map ss more than 300 feet thick, whereas at, Wotton-under- 
Edge i t  is said to be only 10 feet thick. But at the former 
locality the Inferior Oolite is represented as resting directly on 
Upper Lias, while at the latter the ' Midford Sands '  intervene. 
I t  is showt~ that this 'Upper  L ias '  at Bredon contains strata of 
the following homeric :--Lilli, Variabilis, Struclcmanni, D~spansi, 
Dumortieriv~, and Moorei, in addition to those of the hemerm Falc~.feri 
and Bifro~tis, which at Wotton have been called Upper Lias, where 
the rest have been mapped as the ' Midford Sand.' These sands are 
210 feet thick~ and hence the Toareian strata of the two places are 
220 and 380 feet thick, respectively. Thus the so-called' Upper Lias '  
is really the equivalent of the Upper Lias, Cotteswold Sands, and 
Cephalopod-Bed of the Cotteswolds ; of part  of the Junction-Bed, 
the Upper Lias, and Bridport Sands of the Dorset coast ; and of the 
Toarei~m of 1Normandy. ]i~easured thicknesses of the strata at four 
localities in the Cotteswolds are given, and sections to show that  an 
anticline was formed, and peneeontemporaneous erosion took place 
at Birdlip before the Scissi hemera. A table of comparative thick- 
nesses of deposits laid down during similar times in the Cotteswolds 
and Dorset is also given, and a section of the Toareian at May-sur- 
Orne, and of the Toareian and Aalenian strata at Tilly-sur-Seulles 
(Calvados), where the Toarcian is reduced to a thickness of only some 
23 feet. The ehronometry of the Toareian is discussed, and the 
approximate maxima of deposit ibrmed during the hemer~e F(tIc~]ferl 
to Moorei are given, amounting to a total of 719 feet. This time is 
divided into nine hemer0e, so that the time-value of a hemera is 
equal to the average time taken to deposit about 80 feet of strata. 
A concluding table gives the sequence and correlation of the fol- 
lowing deposits : - -The  Cotteswold Sands, the Sands at Sodbury, 
the )/[idford Sands, those of Cole (Somerset), the u Sands, tim 
Bridport Sands, and the Northampton Sands. 

3. ' Two Toarcian Ammonites.' By S. S. Buckman, Esq., F.G.S. 

June 10th . - -J .  J. Harris Teall, Esq., M.A., F.R.S., 
u in the Chair. 

T he following communications were read : - -  

1. ' On Primary and Secondary Devitrifieation in Glassy Igneous 
Rocks.' By Prof. T. G. Bonney, D.Sc., LL.D., F.Ir F.G.S., and 
John Parkinson, E~q., F.G.S. 

Par t  ~ . - -By John Parkinson, Esq. 

In  this part the types of primary devitrification as found at 
Obsidian Cliff are briefly reviewed, with the order in which they 
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634: Geological Societq : - -  

appear in the crystallizing glass. ' t)orous spherulites' are once 
more mentioned, in order to call attention to the ' feather-like' 
crystals which often distinguish them, and of which an explanation 
is given in :Part I I .  l~eference is made to the conditions which 
favoured primary devitrifieatiou at Obsidian Cliff; and the author, 
leaving general principles to be discussed in the second part, men- 
tions one or two special types of primary devitrification. These 
are concerned with the probable tbrmatiou of eutectie zones, or 
patches ; either following the crystallization of an overplus of any 
given material, or as a residuum. After a brief reference to 
secondary devitrification, this part of the paper concludes with a 
summary in which the several relations of secondary to primary 
devitrification-struetures are given. 

Part II .--:By Prof. T. G. Bonney. 

Crystallization in a colloid mass involves an orientation and 
commonly a separation of the molecules ; a process illustrated in an 
early stage by the formation of microliths in a glass, and the 
devitrification of the latter when it is heated without actual melting, 
or by a metal becoming crystalline under strains. Certain condi- 
tions, such as slow cooling, supersaturation, and the presence of 
inclusions--anything causing discontinuity--are favourable to crys- 
tallization, some special cases of which are discussed in the paper. 
The structures thus formed in rocks may be classified as ( l )  the 
linear, and (2) the granular;  and the former may be subdivided 
into (a) the rectilinear, (b) the curvilinear. Spherulitic structure 
in its simpler form falls under (a), and is at first little mere than a 
radial grouping of molecules, the process becoming, as described, 
gradually more complicated. Of this, 'g raphic '  or 'pegmat!tic" 
structure is a final stage, where two minerals are crystallizing out 
of a solution, and one has slightly the advantage over the other, so 
that it virtually forms a skeleton-crystal. Into this the ordinary 
radial growth of a spherulite may be seen to pass ; likewise also 
examples of (a) into those of(b) : the latter being due to the '  leading'  
mineral meeting with a rather stronger resistance, as if a crystal were 
forming in a very tough jelly. An experiment of Messrs. J-. I 'Anson 

E. A. Pankhurst (Min. Mug. vol. v, 1884, p. 34) on the formation 
()f tubes of colloid silica from a fluid alkaline silicate, affords a good 
illustration of this curvilinear growth, l~esistances, as the author 
has pointed out in an earlier paper, are favourab]e to aetinolitic and 
branching growths, and the various types of structure mentioned 
above can be shown to be dependent on them. 

The granular structure is next discussed, and exp]an ations are offered 
of its varieties. This, on a microscopic scale, is often a result of 
devitrificatiou, where (so far as is known) there has been no marked 
rise of temperature ; and the author shows how this is affected by 
greater or less freedom of molecular motion, discussing also cases 
in which a crystalline mass, like a spherulite, has undergoue a later 
re-arvangemcJat. 
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Amptldll Clay in the Boulder-Clay at Biggleswade. 635 

In  conclusion, the relation of some of these structures to an 
eutectic composition is discussed. I t  is not, however, easy, owing 
to the complexity of the conditions, to come to any very definite 
conclusions in the case of old rock-masses. 

2. ' Geology of the Ashbourne & Baxton Branch of the London 
& North-Western l~ailway:--Crake Low to Parsley Hay. '  By 
Henry Howe Arnold-Bemrose, :Esq., M.A., F.G.S. 

The present paper is a continuation of one published in 1899, and 
deals with the geology of the next 8 miles of this railway. After 
passing through Yoredale Shales in the second cutting (No. 10), the 
railway enters the thick beds of Mountain Limestone, in which it 
continues as far as Buxton. The latter rock is frequently folded, 
and owing to this no very great thickness of limestone is seen. I t  
was not found possible to correlate the beds in the different cuttings. 
The following cuttings are described:--(~)Crakelow ~Farm, (10) 
Newton Grange, (11) Moat Low, (12) New Inns South, (13) New 
Inns, (14) Alsop-en-le-Dale, (15) Nettly Low, (16) Cold Ea~,on, 
(17) Cheapside, (18) Bank House, (19) Keathcote, (20)Hand Dales, 
(21) Caskin Low, (22) Lean Low, and (23) Parsley Hay; and measured 
sections are given of several of them, with an account of the folding 
and other features displayed. The Newton-Grange cutting shows 
6 feet of tuff, probably a thin representative of the 140-feet seam in 
the Tissing~on cutting. The limestones are in places granular, 
oolitic, or dolomitized, and microscopical accounts are given of the 
several varieties, as well as of the encrinital limestones, pellets and 
pebbles is the limestones, and the calcareous tuff. 

June 24th.--Sir  Archibald Geikie, D.Sc., LL.D., F.R.S., 
Vice-President, in the Chair. 

The following communications were read : - -  

1. 'On  a Transported Mass of Ampthill Clay in the Boulder- 
Clay at Biggleswade (Bedfordshire).' By Henry ~ome, :Esq. 

The section described was exposed in the construction of a ~vell 
2 miles south-south-east of Biggleswado Railway-Station. Under 
]0~ feet of soil and Boulder-Clay, the Ampthill Clay was penetrated 
for 67 feet, resting oil Chalky Boulder-Clay, fine silty clay, dis- 
turbed Gault, and Lower Greensand. The clay is lithologiealiy 
identical with the Ampthill Clay with its selenite-crystals, and 
contains Ammonite8 excavatua, often covered with Ser2ulve , but no 
abundant examples of Ostrea deltoidea. The boulder was probably 
an outlier, situated in Oxford Clay at a level high enough to be 
ploughed into by the agent which formed the Glacial Drift. The 
distance from which it was moved may not have been greater than a 
mile or two, but on this point no definite opinion can be expressed. 
The septaria in it have a dip of 9 ~ The extent of the mass has not 
yet been ascertained. 
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2. ' The Rh~efic and Lower Lias of Sedbury Cliff, near Chepstow'.' 
By Linsdall Richardson, Esq., F.G.S. 

The chief portion of the cliff-section described has a direction 
north-east  and south-west ; the dip of the beds does not exceed 3 ~ 
to the south-south-east.  The section is as f o l l o w s : -  

Feet inches. 
Low~a Lrs~s... :Based on a eolJglomerate composed of frag- 

ments of Cotham Marble ..................... 37 1 
Urn.ha 2. Greenish-grey, chiefly laminated shales. 2 ft. to 3 4 
I~n<~TIC. 3. Estheria-bed .......................................... 0 4 to 12 

4. Greenish-grey shales ................................. 3 5 
5 a. :Black, laminated shales ........................... 2 4 
5 b. :Hard, blackish-blue limestone .................. 0 5 
6. Black, earthy shales, full of" shetl-d~bris ......... 0 (i 
7. ]-Iard, slightly pyritic limestone .................. 0 6 

LOWER . .  Black, selenitic shales .............................. 5 4 
I0. s 

:RlixETIO. 1 I. Firm, black, lhi~ly-]aminated sh,nles ............ 1 2 
12. :Black, earthy shales ................................. 0 6 
13. ] Alternating layers of sandstone and shale, the ) 
14. f former with small quartz-pebbles ............ J 0 8 
15. Sandstone (Bone-Bed), coarse and calcareous, 

t. with masses of 'Tea-green Marl' . ........... 0 4 
UeP~a " I. 'Tea-green Marls,' with hard bedof marlstonc, lO 3 

KEUPER." II. Red Marls, angular fracture ..................... 56 0 

3. ' :Notes on the Lowest  Beds of the Lower Lias at Sedbury 
Cliff.' By Arthur  Vaughan, :Esq., :B.A., B.Sc., F.G.S. 

The author examined this section in company with  Mr. Richardson. 
The two chief points of interest  are, the  relation of the basal con-. 
glomerate to the Cotham :Marble and Whi te  Lias of neighbouring 
districts, and the examinat ion of the faunal  sequence, wi th  a view 
of testing the absolute value of ammonite-zones. The conglomerate 
resembles the so-called ' False Cotham,'  and both may be explained 
by the breaking-up of Cotham Marble, in one case ag intervals 
during a continuous phase o f  deposition, in the other after the 
phase of deposition which produced i t  had entirely ceased at tha t  
place. The break thus represented in the Sedbury area may be 
considered to correspond roughly wi th  the t ime of deposition of the 
White  Lias in the areas to the south and east. The succession of 
events appears to require a tilting, the axis of rotation being a nearly 
east-and-west l ine a l i t t le  south of Sedbury, with gradual and 
uniformly-increasing depression towards the south, followed by a 
period of horizontal equilibrium. On the other hand, the succeeding 
P~ilonotus, AiiguZatus, and Arietes-zones indicate a gradually 
increasing depression towards the  north wi th  a 0hange of axis. 

A ' range-graph ' is given, showing the times of appearance and 
disappearance, the abundance or rarity, el' several fossils wi th in  
and below the zone of Ammonites Tsilonotvs ; and on account of the 
beginning of five forms at a given horizon, and the disappearance 
of  several forms immediately below it, this level is chosen as the 
base of the zone of `4.2silonotus, ra ther  than the point of appearance 
of .4. planorbis 4 feet higher up. I t  is hoped that  the construction 
of ' range-graphs ' will be of use in testing the value of a series of 
ammonite-ages as divisions of relative time. 
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